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while	 sharing	 the	bottom‐up	pressures	of	 habitat	 loss,	 fragmen‐
tation	or	deterioration	(caused,	for	example,	by	land‐use	change,	
pollution,	invasions	and	climate	change)	with	the	wider	biota	(Reid	
et	 al.,	 2018).	 However,	 there	 is	 an	 argument	 that	 modern	 land‐
scapes,	 and	 their	 attendant	 extinction	 crises,	 are	 also	 in	 some	







populations	 are	 stable	 (North	 American	 beaver	Castor canadensis)	
or	expanding	(Eurasian	beaver	Castor fiber)	(He	et	al.,	2017).	This	is	





ecosystem	 engineering	 activities,	 although	 they	 are	 by	 no	 means	
unique	 among	 the	 freshwater	 herbivorous	 megafauna	 in	 playing	













sediment	 and	 organic	 matter,	 thereby	 modifying	 nutrient	 cycling	
and	 decomposition	 dynamics	 which	 influences	 water	 chemistry	
and	materials	 transported	 downstream	 (Ecke	 et	 al.,	 2017;	Naiman	
et	al.,	1988;	Puttock,	Graham,	Cunliffe,	Elliott,	&	Brazier,	2017).	The	
physical	and	biological	characteristics	of	surrounding	areas	are	also	




ver‐engineered	 and	 non‐engineered	 habitat,	 and	 the	 coexistence	
of	engineered	sites	ranging	from	newly	formed	to	long‐abandoned	
(Willby,	Law,	Levanoni,	Foster,	&	Ecke,	2018),	with	potential	benefits	
for	 multiple	 taxonomic	 groups	 (Rosell,	 Bozser,	 Collen,	 &	 Parker,	
2005).
In	 view	 of	 the	 societal	 importance	 of	 freshwaters	 (de	 Groot,	
Brander,	&	Finlayson,	2016),	the	increasing	evidence	of	how	current	
and	emerging	pressures	are	affecting	this	resource	(Dudgeon	et	al.,	
















within	 the	 landscape	 (Nummi	 &	 Holopainen,	 2014;	 Westbrook,	








position	was	 higher	 between	 patches	 in	 beaver	 ponds	 than	 other	
wetlands.	Moreover,	they	also	found	that	beetle	richness	and	abun‐
dance	 (but	 not	 turnover)	 were	 higher	 in	 beaver	 ponds.	 However,	
while	greater	species	richness	and	habitat	heterogeneity	are	positive	
attributes	in	conservation,	this	does	not	preclude	the	possibility	that	










and	beetles	 as	 focal	 taxa	which	 are	 ideal	 study	 groups	 since	 they	






Ruhí	 &	 Batzer,	 2014).	 Furthermore,	 beetles	 are	 easily	 live‐sorted	
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from	 sample	debris,	 and	 the	majority	of	 individuals	 can	be	 identi‐
fied	in	the	field,	thereby	reducing	destructive	sampling.	We	tested	
(a)	whether	the	composition,	rarity	and	native	status	of	plants	and	
beetles,	 and	 growth	 strategies	 of	 vegetation,	 differ	 between	bea‐
ver	ponds	and	other	wetlands	co‐occurring	 in	 the	same	 landscape	
and	(b)	whether	predictable	differences	in	the	physical	environment	
between	wetland	types	related	to	their	origin	drive	these	composi‐
tional	 differences.	On	 this	basis,	we	assess	whether	 reintroducing	




The	 study	 focused	on	 a	100	×	100	 km	area	between	Örebro	 and	
Skinnskatteberg,	 in	 south‐central	 Sweden	 (59°30′N,	 15°10′W),	
dominated	 by	managed	 forests	 or	 low‐intensity	 agriculture.	 Here,	
valley	 wetlands	 formed	 through	 stream	 impoundment	 by	 beaver	
dams	 (beaver	 ponds—BP)	 coexist	 with	 other	 permanent,	 shallow,	
standing	 freshwaters	 such	 as	 small	 lakes,	 ponds	 and	 river	oxbows	
(other	wetlands	–	OW).	A	total	of	10	BP	and	10	OW	were	sampled.	
All	BP	supported	active	beaver	colonies	(indicated	by	freshly	grazed	

















ylated	 spirit	 (i.e.	 denatured	 alcohol)	 for	 subsequent	 identification	
by	 light	microscopy.	Beetle	nomenclature	 followed	Nilsson	 (2014).	
The	extent	of	leaf	litter,	open	water,	woody	debris,	bare	ground	and	
grazing	associated	with	each	plot	or	sample	was	scored	visually	on	
the	1–5	 scale	 as	 above,	while	mean	plant	 height	 and	water	 depth	




assemblages	 and	were	 expected	 to	 differ	 between	wetland	 types	
(Willby	et	al.,	2018).
2.3 | Data analysis
To	 determine	 whether	 sufficient	 waterbodies	 were	 surveyed	 per	




was	 calculated.	Due	 to	 low	 abundance	 (an	 average	 sweep	 sample	




of	 variance,	 based	on	999	permutations,	was	used	 to	 test	 for	 dif‐





tles	was	 partitioned	 into	 turnover	 versus	 nestedness	 components	
based	on	species	abundance	and	incidence,	respectively,	using	the	
‘betapart’	r	package	(Baselga	&	Orme,	2012).
Rarity	 scores	were	 assigned	 to	 plants	 and	 beetles	 using	 a	 1–5	
ranking	 (1	 =	 common	 and	widespread;	 2	 =	 common‐frequent	 and	
fairly	 widespread;	 3	 =	 locally	 common	 but	 scattered;	 4	 =	 infre‐
quent;	and	5	=	rare).	Scores	for	plants	were	based	on	descriptions	
in	Mossberg	 and	 Stenberg	 (2018)	 and	 assessment	 of	 the	 distribu‐
tion	of	 records	 in	south‐central	Sweden	and	adjacent	 regions	held	
by	 the	 Global	 Biodiversity	 Information	 Facility	 (GBIF;	 gbif.org).	
Rarity	 scores	 for	 beetles	 were	 based	 upon	 Cuppen	 and	 Foster	












for	 variance	 inflation.	 The	 site	 ×	 species	 matrices	 for	 plants	 (log‐
transformed	cover)	and	beetles	were	analysed	using	all	continuous	
predictors,	 with	 wetland	 type	 added	 as	 a	 categorical	 variable.	 In	
addition,	the	number	of	plant	species,	maximum	plant	coverage	per	
plot	(%)	and	plant	height	were	added	to	the	beetle	RDA	to	determine	
whether	 there	were	 secondary	 effects	 of	 vegetation	 structure	on	
beetles.	An	automated,	forward	selection	of	predictor	variables	was	
conducted	on	 the	 initial	global	model	with	 the	most	parsimonious	
models	 being	 selected	 based	 on	 the	 significance	 of	 each	 variable	
(p	<	.05)	using	the	‘vEgaN’ r	package	(Oksanen	et	al.,	2019).
Plant	 growth	 strategies	 were	 assigned	 based	 on	 Pierce	 et	 al.	
(2017).	This	approach	uses	the	major	axes	of	variation	in	functional	
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leaf	traits	associated	with	size	and	resource	economics	to	represent	
Grime's	(Grime,	1977)	opposing	plant	growth	strategies,	C	(compet‐
itor),	S	 (stress	 tolerator)	and	R	 (ruderal),	on	a	continuous	scale.	Of	
the	156	species	we	recorded,	78%	could	be	matched	directly	with	
the	species	documented	by	Pierce	et	al.	(2017),	with	a	further	13%	





representation	 of	 each	 growth	 strategy	 between	wetlands	 at	 the	
















3.1 | Compositional differences between wetlands
Estimated	sample	coverage	was	generally	high	(mean	=	94%)	indicat‐
ing	 effective	 sampling	of	 each	 taxonomic	 group	per	wetland	 type	
(Table	 1).	 Within	 each	 site,	 a	 sufficient	 number	 of	 samples	 were	
taken	 to	capture	 the	majority	of	plant	species,	and	however,	 sam‐
pling	more	beetles	would	have	resulted	in	a	greater	number	of	spe‐
cies	being	found	(Appendix	S2).	Half	the	total	species	pool	of	plants	
(156	species)	and	45%	of	 the	species	pool	 for	beetles	 (66	species)	




















in	OW	(Mimulus guttatus and Acorus calamus)	and	none	in	BP.	However,	
both	species	were	uncommon	where	present	and	occurred	in	<1%	of	
plots	sampled.	No	non‐native	beetle	species	were	found.
3.2 | Environmental basis for differences 
between wetlands
When	 both	 species	 assemblages	 were	 constrained	 by	 local	 en‐
vironmental	 variables	 (see	 Appendix	 S1),	 the	 separation	 of	 the	
two	 wetland	 types	 was	 more	 distinct	 (Figure	 2).	 In	 both	 cases,	
the	overall	constrained	models	were	significant	(p	<	.001	(plants);	
p	=	.018	(beetles)).	For	plants,	plots	from	BP	were	associated	with	
more	 woody	 debris,	 open	 and	 bare	 ground,	 while	 those	 in	 OW	
had	greater	leaf	litter,	plant	height	and	plant	coverage	(Figure	2a).	
Water	depth	was	the	only	significant	environmental	variable	that	
explained	 beetle	 assemblages,	 though	was	 driven	 by	 one	 outly‐






3.3 | Differences in growth strategies 
between wetlands
No	 significant	 differences	 were	 found	 between	 wetland	 types	
in	 the	 representation	 of	 the	 competitor	 growth	 strategy	 in	 the	
TA B L E  1  Summary	of	species	richness	,	uniqueness,	sampling	efficiency	and	rarity	(mean	±	SE	(range))	per	wetland	type	for	each	taxon	
group
Group




Unique to wetland 
(% of overall total)
Estimated sam-
ple coverage (%)




BP	(n	=	250) 126 48	(30.8%) 98 27 1.46	±	0.03	(1.00–4.16)
OW	(n	=	250) 108 30	(19.2%) 99 10 1.40	±	0.03	(1.00–3.85)
Beetles BP	(n	=	50) 54 18	(30.0%) 88 2 1.91	±	0.07	(1.00–3.50)
OW	(n	=	50) 47 12	(20.0%) 89 0 1.89	±	0.09	(1.00–3.00)
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deterioration	 of	 ecosystem	 function	 and	 heterogeneity,	 with	 cas‐
cading	negative	effects	on	biodiversity	 (Doughty	et	al.,	2016).	The	
scale	 and	 consequences	 of	 this	 loss	 often	 only	 emerge	 fully	 after	
populations	of	megafauna	have	been	restored	(Bakker	&	Svenning,	
2018).	 Beavers	 are	 increasingly	 recognized	 as	 facilitators	 of	 natu‐
ral	ecosystem	processes	and	a	keystone	species	(Ecke	et	al.,	2017;	
Stoffyn‐Egli	 &	Willison,	 2011;	 Stringer	&	Gaywood,	 2016).	 In	 this	
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more	pronounced	 than	 those	on	beetles.	Our	 results	 suggest	 that	
re‐establishing	 beaver	 populations	 could	 be	 an	 important	mecha‐
nism	 in	 supporting	 freshwater	 biodiversity	 recovery	 in	 degraded	
landscapes.
In	 this	 study,	 despite	 negligible	 differences	 in	 some	 physico‐






turbances	 that	 are	 difficult	 to	 quantify	 in	 space‐for‐time	 studies,	
for	example,	fluctuations	in	water	levels,	exposure	of	marginal	hab‐
itat,	selective	herbivory,	tree	felling	or	windthrow	and	lodge	build‐
ing	 or	 caching	 of	woody	material	 (McMaster	&	McMaster,	 2000;	
Parker,	Caudill,	&	Hay,	2007).	Thus,	plants	significantly	associated	
with	OW	were	typically	larger,	slower	growing	competitor	or	com‐
petitor–stress	 tolerators	most	 typical	of	 stable	habitats,	 including	
F I G U R E  2  Constrained	ordination	of	plant	(a)	and	beetle	(b)	composition	for	beaver	ponds	(blue	circles)	and	other	wetlands	(red	
diamonds)	using	redundancy‐based	analysis	(RDA).	Only	significant	environmental	parameters	(p	<	.05)	are	presented
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some	 known	 from	 independent	 studies	 to	 be	 heavily	 grazed	 by	
beavers,	 for	 example	 Menyanthes trifoliata,	 Nymphaea alba and 
Schoenoplectus lacustris	 (Law	 et	 al.,	 2014;	 Milligan	 &	 Humphries,	
2010;	Willby,	Perfect,	&	Law,	2014).	Our	observation	that	wetland	
type	 remains	 a	 significant	 predictor	 of	 vegetation	 composition	
after	 the	effects	of	measured	abiotic	 factors	are	accounted	 for	 is	
consistent	with	other	evidence	that	herbivory	by	beavers	(a	direct	




tago‐aquatica,	 Glyceria fluitans,	 Rorippa palustris,	 Callitriche	 spp.),	







ies	 indicate	 they	may	 last	 for	decades	 (Bartel,	Haddad,	&	Wright,	
2010;	Ray,	Rebertus,	&	Ray,	2001).
In	contrast	to	plants,	few	beetle	species	were	significantly	asso‐
ciated	with	either	wetland	type;	H. heydeni and I. ater,	which	were	








low	 in	both	 artificially	 created	 and	 agricultural	 ponds.	 Factors	be‐
hind	habitat	selection	by	beetles	are	poorly	known	and	are	likely	to	
be	scale,	species,	and	 life	stage	dependent	 (Lundkvist	et	al.,	2001;	
Yee,	Taylor,	&	Vamosi,	 2009).	One	potentially	 important	 influence	
on	beetle	richness	and	composition	 is	habitat	complexity	 linked	to	
heterogeneity	 of	 vegetation	 (Gioria,	 Bacaro,	 &	 Feehan,	 2011),	 or	
features	such	as	beaver‐dug	canals	and	dead	wood	(Hood	&	Larson,	




In	 common	 with	 other	 ecosystem	 engineers	 (Romero,	
Gonçalves‐Souza,	Vieira,	&	Koricheva,	2015),	 the	effects	of	bea‐
vers	can	be	taxon	specific,	but	also	appear	to	be	context	specific.	
For	 example,	 disturbances	 may	 leave	 some	 ecosystems	 more	

















and	 able	 to	 colonize	 this	 new	 habitat.	 By	 contrast,	 biota	within	
ponds	 formed	by	 invasive	North	American	beaver	 in	Chile	were	
largely	similar	to	those	found	in	naturally	occurring	lentic	habitat	
(Anderson,	Vanessa	Lencinas,	et	al.,	2014),	with	ubiquitous,	rather	
than	 unique	 species	 being	 found	 in	 beaver	 ponds	 (Anderson	 &	











infer	 compositional	 differences	 rather	 than	 directly	 quantifying	
these.	Our	study	demonstrates	that,	in	their	natural	range,	beavers	
create	ponds	 that,	while	 superficially	 similar	 to	other	 shallow	wet‐
lands,	differ	subtly	 in	their	physical	characteristics	and	disturbance	
regime.	 This	 results	 in	 distinctive	 species	 assemblages	 that	 are	 in‐
dicative	 of	 beaver	wetlands,	 particularly	 so	 for	 plants,	 rather	 than	
being	 simply	 a	 subset	 of	 those	 found	 in	 other	 freshwater	 habitats	
in	 the	 same	 landscape.	 With	 freshwater	 biodiversity	 declining	 at	
an	 unsustainable	 rate,	 recognizing	 the	major	 role	 that	 herbivorous	












1770  |     LAW et AL.
ACKNOWLEDG EMENTS




DATA AVAIL ABILIT Y S TATEMENT
All	data	referred	to	in	this	article	and	code	used	in	analyses	are	de‐
posited	 in	 DataSTORRE—the	 University	 of	 Stirling	 research	 data	
repository.
ORCID
Alan Law  https://orcid.org/0000‐0001‐5971‐3214 
Oded Levanoni  https://orcid.org/0000‐0003‐0257‐8693 
Frauke Ecke  https://orcid.org/0000‐0003‐4208‐345X 
Nigel J. Willby  https://orcid.org/0000‐0002‐1020‐0933 









J.,	 Simanonok,	M.	P.,	&	Martínez	Pastur,	G.	 (2014).	 Engineering	by	
an	 invasive	 species	 alters	 landscape‐level	 ecosystem	 function,	 but	






Bakker,	 E.	 S.,	 Pagès,	 J.	 F.,	Arthur,	R.,	&	Alcoverro,	T.	 (2016).	Assessing	
the	 role	 of	 large	 herbivores	 in	 the	 structuring	 and	 functioning	 of	
freshwater	 and	 marine	 angiosperm	 ecosystems.	 Ecography,	 39(2),	
162–179.	https	://doi.org/10.1111/ecog.01651	
Bakker,	E.	S.,	&	Svenning,	J.‐C.	(2018).	Trophic	rewilding:	Impact	on	eco‐
systems	under	global	change.	Philosophical Transactions of the Royal 
Society B: Biological Sciences,	 373(1761),	 20170432.	 https	://doi.
org/10.1098/rstb.2017.0432
Bartel,	 R.	 A.,	 Haddad,	 N.	 M.,	 &	 Wright,	 J.	 P.	 (2010).	 Ecosystem	
engineers	 maintain	 a	 rare	 species	 of	 butterfly	 and	 in‐
crease	 plant	 diversity.	 Oikos,	 119(5),	 883–890.	 https	://doi.
org/10.1111/j.1600‐0706.2009.18080.x
Baselga,	A.,	&	Orme,	C.	D.	L.	(2012).	Betapart:	An	R	package	for	the	study	
of	 beta	 diversity.	Methods in Ecology and Evolution,	3(5),	 808–812.	
https	://doi.org/10.1111/j.2041‐210X.2012.00224.x
Bilton,	D.	T.,	Mcabendroth,	L.,	Bedford,	A.,	&	Ramsay,	P.	M.	(2006).	How	









– Ecology and Management of Inland Waters,	40(3),	215–225.	https	://
doi.org/10.1016/j.limno.2009.08.001
Brzyski,	 J.	 R.,	 &	 Schulte,	 B.	 A.	 (2009).	 Beaver	 (Castor canadensis)	
Impacts	 on	 herbaceous	 and	 woody	 vegetation	 in	 southeastern	
Georgia.	The American Midland Naturalist,	162(1),	74–86.	https	://doi.
org/10.1674/0003‐0031‐162.1.74
Bump,	 J.	 K.	 (2018).	 Fertilizing	 riparian	 forests:	 Nutrient	 repletion	
across	 ecotones	 with	 trophic	 rewilding.	 Philosophical Transactions 
of the Royal Society B: Biological Sciences,	 373(1761),	 https	://doi.
org/10.1098/rstb.2017.0439





agder	 and	 aust‐agder.	 Norway. Norwegian Journal of Entomology,	
52(2),	91–101.
De	Cáceres,	M.,	 &	 Legendre,	 P.	 (2009).	 Associations	 between	 species	
and	groups	of	sites:	Indices	and	statistical	inference.	Ecology,	90(12),	
3566–3574.	https	://doi.org/10.1890/08‐1823.1
de	Groot,	D.,	 Brander,	 L.,	 &	 Finlayson,	M.	 (2016).	Wetland	 ecosystem	
services.	 In	 C.	M.	 Finlayson,	M.	 Everard,	 K.	 Irvine,	 R.	 J.	 McInnes,	
B.	A.	Middleton,	A.	A.	 van	Dam,	&	N.	C.	Davidson	 (Eds.),	The wet‐





Philosophical Transactions of the Royal Society B: Biological Sciences,	
373(1761),	20180127.	https	://doi.org/10.1098/rstb.2018.0127
Doughty,	 C.	 E.,	 Smith,	 F.	 A.,	 Galetti,	 M.,	 Terborgh,	 J.	 W.,	 Svenning,	
J.‐C.,	&	Malhi,	 Y.	 (2016).	Megafauna	 and	 ecosystem	 function	 from	
the	 Pleistocene	 to	 the	 Anthropocene.	 Proceedings of the National 




Importance,	 threats,	 status	 and	 conservation	 challenges.	Biological 
Reviews,	 81(2),	 163–182.	 https	://doi.org/10.1017/S1464	79310	
5006950
Ecke,	 F.,	 Levanoni,	O.,	 Audet,	 J.,	 Carlson,	 P.,	 Eklöf,	 K.,	Hartman,	G.,	 …	
Futter,	M.	(2017).	Meta‐analysis	of	environmental	effects	of	beaver	
in	 relation	to	artificial	dams.	Environmental Research Letters,	12(11),	
113002.	https	://doi.org/10.1088/1748‐9326/aa8979
Fellows,	 I.	 (2018).	 wordcloud: Word Clouds.	 R	 package	 version	 2.6.	
Available	at:	https	://CRAN.Rproj	ect.org/packa	ge=wordc	loud
Foster,	G.	N.,	Bilton,	D.	T.,	&	Nelson,	B.	H.	(2016).	Atlas of the predaceous 
water beetles (Hydradephaga) of Britain and Ireland.	Shrewsbury,	UK:	
Field	Studies	Council.
Gioria,	 M.,	 Bacaro,	 G.,	 &	 Feehan,	 J.	 (2011).	 Evaluating	 and	 inter‐
preting	 cross‐taxon	 congruence:	 Potential	 pitfalls	 and	 solu‐




The American Midland Naturalist,	 111(982),	 1169–1194.	 https	://doi.
org/10.1086/283244
     |  1771LAW et AL.
Gurnell,	 A.	 M.	 (1998).	 The	 hydrogeomorphological	 effects	 of	 beaver	
dam‐building	activity.	Progress in Physical Geography,	22(2),	167–189.	
https	://doi.org/10.1177/03091	33398	02200202
Halley,	 D.	 J.,	 &	 Rosell,	 F.	 (2002).	 The	 beaver's	 reconquest	 of	 Eurasia:	
Status,	 population	 development	 and	 management	 of	 a	 conser‐
vation	 success.	 Mammal Review,	 32(3),	 153–178.	 https	://doi.
org/10.1046/j.1365‐2907.2002.00106.x
Hansen,	M.	 (1987).	The Hydrophiloidea (Coleoptera) of Fennoscandia and 
Denmark.	Leiden,	The	Netherlands:	E.	J.	Brill.
Hartman,	G.	(1996).	Habitat	selection	by	European	beaver	(Castor fiber)	




water	megafauna.	Wiley Interdisciplinary Reviews: Water,	4(3),	e1208.	
https	://doi.org/10.1002/wat2.1208
Holmen,	M.	(1987).	The aquatic Adephaga (Coleoptera) of Fennoscandia and 
Denmark, Volume 1. Gyrinidae, Haliplidae, Hygrobiidae and Noteridae. 
Leiden,	The	Netherlands:	E.	J.	Brill.
Hood,	G.	A.,	&	Larson,	D.	G.	(2014).	Ecological	engineering	and	aquatic	
connectivity:	 A	 new	 perspective	 from	 beaver‐modified	 wetlands.	
Freshwater Biology,	 60(1),	 198–208.	 https	://doi.org/10.1111/
fwb.12487	
Hsieh,	 T.	 C.,	 Ma,	 K.	 H.,	 &	 Chao,	 A.	 (2016).	 iNEXT:	 An	 R	 package	 for	
rarefaction	 and	 extrapolation	 of	 species	 diversity	 (Hill	 num‐
bers).	Methods in Ecology and Evolution,	 7,	 1451–1456.	 https	://doi.
org/10.1111/2041‐210X.12613	
Janiszewski,	 P.,	Hanzal,	V.,	&	Misiukiewicz,	A.	W.	 (2014).	 The	Eurasian	
beaver	 (Castor fiber)	 as	 a	 keystone	 species	 –	 A	 literature	 re‐
view. Baltic Forestry,	 20(2),	 277–286.	 https	://doi.org/10.1016/
S0921‐8009(98)00005‐6
Johnston,	 C.	 A.,	 &	 Naiman,	 R.	 J.	 (1987).	 Boundary	 dynamics	 at	 the	
aquatic‐terrestrial	 interface:	 The	 influence	 of	 beaver	 and	 geomor‐
phology.	Landscape Ecology,	1(1),	47–57.
Karlsson,	 T.,	 &	 Agestam,	 M.	 (2014).	 Checklista över Nordens kärlväx‐
ter.	 Available	 at:	 http://www.euphr	asia.nu/check	lista/	 (accessed:	
4/5/2019)
Klausnitzer,	 B.	 (2009).	 Insecta: Coleoptera: Scirtidae: Süßwasserfauna 
von Mitteleuropa. Bd. 20/17.	 Heidelberg,	 Germany:	 Spektrum	
Akademischer	Verlag.
Kuznetsova,	A.,	Brockhoff,	P.	B.,	&	Christensen,	R.	(2015).	lmerTest: Tests 


















Milligan,	 H.	 E.,	 &	 Humphries,	 M.	 M.	 (2010).	 The	 importance	 of	
aquatic	 vegetation	 in	 beaver	 diets	 and	 the	 seasonal	 and	 habi‐
tat	 specificity	 of	 aquatic‐terrestrial	 ecosystem	 linkages	 in	 a	 sub‐
arctic	 environment.	 Oikos,	 119(12),	 1877–1886.	 https	://doi.
org/10.1111/j.1600‐0706.2010.18160.x








American	 streams	 by	 beaver.	BioScience,	38(11),	 753–762.	 https	://
doi.org/10.2307/1310784
Nilsson,	A.	N.	 (2014).	Catalogue of palaearctic coleoptera: noteridae and 
dytiscidae.	Retrieved	 from	http://www2.emg.umu.se/proje	cts/bigin	
st/ander	sn/Cat_main.htm.
Nilsson,	A.	N.,	&	Holmen,	M.	 (1995).	The Aquatic Adephaga (Coleoptera) 
of Fennoscandia and Denmark, Volume II. Dytiscidea.	 Leiden,	 The	
Netherlands:	E.	J.	Brill.
Nolet,	 B.	 A.,	 &	 Rosell,	 F.	 (1998).	 Comeback	 of	 the	 beaver	 Castor 
fiber:	 An	 overview	 of	 old	 and	 new	 conservation	 problems.	
Biological Conservation,	 83(2),	 165–173.	 https	://doi.org/10.1016/
S0006‐3207(97)00066‐9
Nummi,	 P.,	 &	 Holopainen,	 S.	 (2014).	Whole‐community	 facilitation	 by	
beaver:	 Ecosystem	 engineer	 increases	 waterbird	 diversity.	Aquatic 
Conservation: Marine and Freshwater Ecosystems,	 24(5),	 326–633.	
https	://doi.org/10.1002/aqc.2437
Nummi,	P.,	Kattainen,	S.,	Ulander,	P.,	&	Hahtola,	A.	 (2011).	Bats	bene‐
fit	 from	beavers:	A	 facilitative	 link	between	aquatic	and	 terrestrial	
food	webs.	Biodiversity and Conservation,	20(4),	851–859.	https	://doi.
org/10.1007/s10531‐010‐9986‐7
Nyholm,	T.	(1972).	Die nordeuropäischen Arten der Gattung Cyphon Paykull 
(Coleoptera).	Copenhagen,	Denmark:	Munksgaard.
Oksanen,	 A.	 J.,	 Blanchet,	 F.	 G.,	 Kindt,	 R.,	 Legendre,	 P.,	 Minchin,	 P.	
R.,	Hara,	 R.	 B.	O.,	…	Wagner,	H.	 (2019).	 vegan: Community Ecology 
Package.	R	package	version	2.5‐4.	Available	at:	https	://cran.rproj	ect.
org/packa	ge=vegan	










lands.	 Science of the Total Environment,	 576,	 430–443.	 https	://doi.
org/10.1016/j.scito	tenv.2016.10.122
R	Core	 Team	 (2018).	R: A language and environment for statistical com‐
puting.	 Vienna,	 Austria:	 R	 Foundation	 for	 Statistical	 Computing.	
Retrieved	from	http://www.r‐proje	ct.org/
Ray,	A.	M.,	Rebertus,	A.	J.,	&	Ray,	H.	L.	(2001).	Macrophyte	succession	in	






Romero,	G.	Q.,	Gonçalves‐Souza,	 T.,	Vieira,	C.,	&	Koricheva,	 J.	 (2015).	
Ecosystem	engineering	effects	on	 species	diversity	 across	 ecosys‐
tems:	A	meta‐analysis.	Biological Reviews,	90(3),	877–890.	https	://doi.
org/10.1111/brv.12138	
Rosell,	 F.,	Bozser,	O.,	Collen,	P.,	&	Parker,	H.	 (2005).	Ecological	 impact	
of	 beavers	 Castor fiber and Castor canadensis	 and	 their	 ability	 to	
modify	ecosystems.	Mammal Review,	35(3–4),	248–276.	https	://doi.
org/10.1111/j.1365‐2907.2005.00067.x
1772  |     LAW et AL.
Ruhí,	 A.,	 &	 Batzer,	 D.	 P.	 (2014).	 Assessing	 congruence	 and	 surro‐
gacy	 among	 wetland	 macroinvertebrate	 taxa	 towards	 efficiently	
measuring	 biodiversity.	 Wetlands,	 34(6),	 1061–1071.	 https	://doi.
org/10.1007/s13157‐014‐0566‐6
Sayer,	C.	D.,	Bennion,	H.,	Gurnell,	A.	M.,	Goodyer,	E.,	Kotze,	D.,	&	Lindsay,	
R.	 (2016).	Restoration	of	 freshwaters:	Principles	and	practice.	 In	 J.	






Strayer,	 D.	 L.	 (2010).	 Alien	 species	 in	 fresh	 waters:	 Ecological	 ef‐
fects,	 interactions	 with	 other	 stressors,	 and	 prospects	 for	 the	
future.	 Freshwater Biology,	 55(SUPPL.	 1),	 152–174.	 https	://doi.
org/10.1111/j.1365‐2427.2009.02380.x
Stringer,	A.	P.,	&	Gaywood,	M.	J.	(2016).	The	impacts	of	beavers	Castor	
spp.	 on	 biodiversity	 and	 the	 ecological	 basis	 for	 their	 reintroduc‐
tion	 to	 Scotland,	 UK.	Mammal Review,	46(4),	 270–283.	 https	://doi.
org/10.1111/mam.12068	.





America.	Science of the Total Environment,	574,	183–190.	https	://doi.
org/10.1016/j.scito	tenv.2016.09.045
Westbrook,	C.	J.,	Cooper,	D.	J.	J.,	&	Baker,	B.	W.	W.	(2010).	Beaver	as‐





Journal of Statistical Software,	40(1),	1–29.	https	://doi.org/10.18637/	
jss.v040.i01
Willby,	 N.	 J.,	 Law,	 A.,	 Levanoni,	 O.,	 Foster,	 G.	 N.,	 &	 Ecke,	 F.	 (2018).	
Rewilding	wetlands:	Beaver	as	agents	of	within‐habitat	heterogene‐
ity	and	the	responses	of	contrasting	biota.	Philosophical Transactions 
of the Royal Society B: Biological Sciences,	373(1761),	20170444.	https	
://doi.org/10.1098/rstb.2017.0444
Willby,	 N.	 J.,	 Perfect,	 C.,	 &	 Law,	 A.	 (2014).	 The Scottish Beaver Trial: 




natures	 predict	 herbaceous‐wetland	 community	 responses	 to	 nu‐
trient	 availability.	 New Phytologist,	 152(3),	 463–481.	 https	://doi.
org/10.1046/j.0028‐646X.2001.00274.x
Wright,	 J.	 P.,	 Jones,	 C.	 G.,	 &	 Flecker,	 A.	 S.	 (2002).	 An	 ecosystem	
engineer,	 the	 beaver,	 increases	 species	 richness	 at	 the	 land‐
scape	 scale.	 Oecologia,	 132(1),	 96–101.	 https	://doi.org/10.1007/
s00442‐002‐0929‐1
WWF	(2018).	 In	M.	Grooten,	&	R.	E.	A.	Almond	(Eds.),	Living planet re‐
port – 2018: Aiming higher.	 Gland,	 Switzerland:	 WWF.	 https	://doi.
org/10.1002/97804	70976	401.ch5
Yee,	D.	A.,	Taylor,	S.,	&	Vamosi,	S.	M.	 (2009).	Beetle	and	plant	density	
as	cues	 initiating	dispersal	 in	 two	species	of	adult	predaceous	div‐
ing	 beetles.	 Oecologia,	 160(1),	 25–36.	 https	://doi.org/10.1007/
s00442‐008‐1239‐z
BIOSKE TCH





Author	 contributions.	 NW	 developed	 the	 project	 methodol‐
ogy	and	obtained	principle	funding.	Primary	data	collection	was	
carried	out	by	NW	and	AL.	FE	and	OL	provided	information	on	







Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	the	article.	
How to cite this article:	Law	A,	Levanoni	O,	Foster	G,	Ecke	F,	
Willby	NJ.	Are	beavers	a	solution	to	the	freshwater	
biodiversity	crisis?	Divers Distrib. 2019;25:1763–1772. https	://
doi.org/10.1111/ddi.12978	
